Metabolic reprogramming of mitochondrial respiration in metastatic cancer.
Tumor initiation, progression, and metastasis are tissue context-dependent processes. Cellular and non-cellular factors provide the selective microenvironment that determines the fate of the evolving tumor through mechanisms that include metabolic reprogramming. Genetic and epigenetic changes contribute to this reprogramming process, which is orchestrated through ongoing communication between the mitochondrial and nuclear genomes. Metabolic flexibility, in particular the ability to rapidly adjust the balance between glycolytic and mitochondrial energy production, is a hallmark of aggressive, invasive, and metastatic cancers. Tumor cells sustain damage to both nuclear and mitochondrial DNA during tumorigenesis and as a consequence of anticancer treatments. Nuclear and mitochondrial DNA mutations and polymorphisms are increasingly recognized as factors that influence metabolic reprogramming, tumorigenesis, and tumor progression. Severe mitochondrial DNA damage compromises mitochondrial respiration. When mitochondrial respiration drops below a cell-specific threshold, metabolic reprogramming and plasticity fail to compensate and tumor formation is compromised. In these scenarios, tumorigenesis can be restored by acquisition of respiring mitochondria from surrounding stromal cells. Thus, intercellular mitochondrial transfer has the potential to confer treatment resistance and to promote tumor progression and metastasis. Understanding the constraints of metabolic, and in particular bioenergetic reprogramming, and the role of intercellular mitochondrial transfer in tumorigenesis provides new insights into addressing tumor progression and treatment resistance in highly aggressive cancers.